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Abstract 
The aims of this study were to: (i) design and implement strategies aiming to promote student questioning in the 
study of photosynthesis, and (ii) identify the strategies that lead to the formulation of a higher number of high level 
cognitive questions. A qualitative approach was adopted involving participant observation and collection of 
students’ written questions. Science-Technology-Society (STS) and practical strategies were conceived and 
implemented in a 10th grade Biology class. The results show that the students asked mainly low level cognitive 
questions. The greatest number of questions was raised when the STS strategy was implemented. However, the 
practical activity originated the greatest number of higher cognitive level questions.  
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1. Introduction: classroom questioning 
Asking questions is a key element in the learning process (Albergaria Almeida, 2010, 2012; Martinho, Albergaria 
Almeida & Teixeira-Dias, 2012). Questioning helps students direct their learning as they try to merge their prior 
knowledge and new information in their attempts to make sense of these ideas. Students’ questions play an 
important role in meaningful learning and motivation, and can be very revealing about the quality of students’ 
thinking and conceptual understanding, their alternative frameworks and confusion about various concepts, their 
reasoning, and what they want to know. Student questioning, particularly at the higher cognitive level, is also an 
essential aspect of problem solving. Also, interesting and productive answers are dependent on being able first to 
come up with good questions for eliciting them. Low levels of questioning and explaining on the part of the students 
have been found to be correlated with lower achievement.Besides helping students learn, student questioning can 
also guide teachers in their work. Some researchers have explored the potential for using students’ questions to 
influence the curriculum (Rop, 2002). Some questions show that students have been thinking about the ideas 
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presented and have been trying to expand and establish relationships between these and other concepts they already 
know. Questions can also expose much about the quality of learners’ thinking and conceptual understanding (Watts, 
Gould & Alsop, 1997), students’ alternative frameworks and confusion about various concepts, their reasoning and 
what it is they want to know. 
In spite of the educational significance of student questioning, it is well-known that students ask surprisingly few 
questions, and even fewer in a real search of knowledge. Actually, only a small number of students spontaneously 
ask high-level questions or open questions.  
Presently, a growing number of educators emphasise the importance of students’ questions in both teaching and 
learning processes, and the number of research studies looking for ways to encourage students to generate questions 
is growing. Studies at different educational levels and contexts generally indicate that learners avoid asking 
questions. The number and kind of questions that learners ask may be influenced by previous knowledge, 
experiences and skills, their age, the attitude of the teacher, teaching style, classroom evaluative climate, social 
interaction patterns and nature of the topics. 
Students’ questions usually result from a gap or discrepancy in the students’ knowledge or a desire to expand 
their knowledge. Students’ questions may be triggered by unknown words or inconsistencies between their 
knowledge and the new information, which then provoke ‘cognitive disequilibrium’ (Graesser & Olde, 2003, p. 
525).  
The aim of this study was to design and implement strategies with a Science-Technology-Society (STS) 
approach, as well as practical strategies aiming to promote student questioning in the study of photosynthesis. It also 
was intended to identify the strategies that lead to the formulation of a higher number of high cognitive level 
questions.  
2. Methodology 
This study was conducted with a sample of 27 10th grade Biology students (16 girls and 11 boys, mean age 16 
years old) in a Portuguese secondary school. The following strategies were designed and implemented in order to 
encourage student written questions: 
1. STS activity “Deciduous plants” - a PowerPoint presentation with images of deciduous plants was 
presented. Students were asked to reflect on the images they observed and to raise questions.  
2. Practical activity “Chromatography on paper” – the students should find answers to some questions 
asked in the previous activity after performing this laboratory activity. Furthermore, students were 
encouraged to formulate questions about the chromatography experiment. 
3. Paper and pen practical activity “Fluorescence in a chlorophyll solution” – students were asked to raise 
questions after the analysis of an experiment about fluorescence. Students did not perform the 
experiment; they have just received written information about it. 
4. Assessment activity – aiming to promote the cognitive alignment (Biggs, 1999) between the teaching, 
learning and assessment strategies, an activity asking the students to raise questions was included in the 
assessment test. The following experiment was presented to students: a plant is subjected to (i) different 
concentrations of carbon dioxide, (ii) different light intensities, (iii) constant temperature and (iv) 
constant humidity. Students were asked to formulate a question raised by the analysis of the data 
presented. 
All the written questions formulated by the students were collected and content analysis was carried out. The 
researcher was also the biology teacher of the studied class. Thus, participant observation was conducted throughout 
the implementation of this research project. The main results are presented in the following section.  
3. Presentation and discussion of results 
Students’ oral and written questions were categorised against the taxonomy proposed by Almeida, Pedrosa de 
Jesus & Watts (2008), that includes three categories of questions: 
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Acquisition - these questions deal mainly with relatively straightforward gaps in knowledge, simple ideas, 
objects, processes, or concepts that do not require evaluation, judgment, or drawing conclusions. When asking 
acquisition questions, students were attempting to clear up matters of fact, confirm explanations or clarify 
conceptual issues. Students may feel they have grasped an idea, or the structure of an argument, and are testing for 
reassurance that this is in fact the case. These are “stick-to-the-facts” or closed questions, whose answers will 
mainly rely upon memory processes. 
Specialization – these questions asked tend to go beyond an initial search for information. The student establishes 
relations and tries to understand and interpret the surrounding world. These questions transcend the specific or 
detailed level of comprehension, in order to generalize or relate these specifics into meaningful patterns. Students 
seek to both expand knowledge and test constructs that they have formed. In this stage, the students feel secure 
about their understandings. Consequently, they try to expand their knowledge into the neighbouring terrain and test 
constructs that they have shaped. 
Integration - these questions can include prediction involving speculation or hypothesizing, anomaly detection 
where the students expresses scepticism or detect discrepant information or cognitive conflict, different application 
of principles learned, attempting to reconcile understanding, track in and around complex ideas and their 
consequences. The student seems to want to get further “inside” the ideas, to be hypothetic-deductive, to seek 
extensions to what is known, to cross knowledge domains. These questions focused on explanations and causes, 
predictions, or on resolving discrepancies in knowledge, and were more open, critical, imaginative, and reflective. 
The learner seems to challenge accepted reasoning. Integration questions may have distinct origins. These may 
emerge from the classroom topic being taught, but can also be shaped by tangential issues or stimulated by 
something from outside the class entirely. 
Table 1 presents examples of the different kinds of questions raised by students in the four activities 
implemented. We provide an example for each activity and for each cognitive level. 
 
Table 1 – Examples of questions 
 
Cognitive level Examples of questions Activity 
Acquisition 1. What is the difference of evergreen and deciduous? 
2. What were the green and the yellow parts that we observed? 
 
3. Why is there fluorescence in a solution and there is no fluorescence in the other one? 
4. How does the rate of photosynthesis vary according to the concentration of CO2? 
1. Deciduous plants 
2. Chromatography on 
paper 
3. Fluorescence in a 
chlorophyll solution 
4. Assessment 
Specialization 1. The color change and the fall of leaves on deciduous trees is a way to "save energy"? 
2. The filter paper has absorbed the alcohol first and then the green solution. Is this 
important? 
3. Why is it that in the solution of chlorophyll there is fluorescence emission and in the 
solution of intact and isolated chloroplasts there is not? 
4. How can we relate the rate of photosynthesis with the intensity of luminosity and with 
the concentration of CO2? 
1. Deciduous plants 
2. Chromatography on 
paper 
3. Fluorescence in a 
chlorophyll solution 
4. Assessment 
Integration 1. The orange tree is an evergreen tree and oranges have hard shells, the plum is a 
deciduous tree and the plums are soft shell. The type of leaf influences the type of fruit? 
2. And if we did this experiment with a chestnut leaf, would we find also a thin red line? 
3. In the first experiment the electron returns to the fundamental state because it absorbs 
sufficient energy to be carried over. However, in the second experiment, with the same 
energy source, the electron emits no radiation. Why? 
4. What if the luminosity increases? Will the rate of photosynthesis increase too? 
1. Deciduous plants 
2. Chromatography on 
paper 
3. Fluorescence in a 
chlorophyll solution 
4. Assessment 
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Throughout the four activities, the students asked 258 questions (Figure 1). The results show that the STS activity 
encouraged a larger number of questions (n=92), that correspond to 35.7% of the total number of questions raised. 
But it was the practical activity on fluorescence that raised the larger number of high level cognitive questions (n=45 
integration questions), which corresponds to 65.2% of the total number of questions asked and to 17.4% of the total 
number of integration questions posed in the four activities. 
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Figure 1 – Number and cognitive level of student questions. 
 
Students formulated a total of 129 acquisition questions, which corresponds to 50% of the total number of 
formulated questions. On the other hand, students only posed 69 integration questions (26.7%). It turns out, 
however, that the higher the degree of difficulty of the activity, the larger the number of integration questions, even 
if the total number of questions is smaller. 
4. Final comments 
The STS activity (the first activity) encouraged students to look at their own context in a different way and this 
new approach fostered the asking of acquisition questions. These questions showed students’ curiosity for science, 
and increased their observation abilities. It seems that students applied these abilities in the following practical 
activities, leading to an increase in the number of integration questions. 
Moreover, the formulation of questions by the students also enabled them to establish relationships with prior 
knowledge. Since students often do not recall prior knowledge related to the new content addressed, it is necessary 
to "carry" prior knowledge to the classroom, encouraging the establishment of relationships with the new topics, and 
encouraging the formulation of questions. An example of this is the case of some integration questions, such as that 
posed by a student during the STS activity: “The orange tree is an evergreen tree and oranges have hard shells, the 
plum is a deciduous tree and the plums are soft shell. The type of leaf influences the type of fruit?” It is important to 
emphasize that questions such as “What causes leaves to fall after having so often changed color?” allow to 
establish the interconnection with another topic - Phyto-hormones, so this question was only answered when 
studying this topic. 
In this study the students were informed that the classes about photosynthesis would depend of their own 
questions about this subject. This was a strategy to put the students in the centre of the learning and the teaching 
processes, and to make them aware of their responsibilities in these processes. The students perceived this 
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responsibility as a motivational factor, what made them more participative than usual. 
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